Purpose The metabolic syndrome (MetS) in adolescents is a growing problem. The objectives were to verify the association among early predictors such as birth weight, breastfeeding, maternal weight status, smoking during pregnancy, and the development of MetS. Methods A cross-sectional study was performed of 976 children and adolescents, 10-15 years of age, at schools in the provinces of Granada and Almeria (Spain). For this purpose, we analyzed the physical characteristics as well as the biochemical markers of the participants with a view to ascertaining the prevalence of the MetS. Relevant data were also extracted from the clinical histories of their mothers.
Introduction
Metabolic syndrome (MetS) is defined as a group of risk factors that when occurring together, increase the risk of cardiovascular disease and type 2 diabetes mellitus (DM2) [1, 2] . Until recently, the clustering of such factors had only been reported in adults. Nevertheless, there are now a growing number of studies that point to the presence of MetS in adolescents, probably due to the widespread increase in obesity in young people throughout the world [3] .
The prevalence of MetS in children and adolescents varies depending on the definition of risk factors and the population analyzed [4] . However, generally speaking, few studies have specifically focused on population samples of young people [5] . Recently, the International Diabetes Federation (IDF) published a set of guidelines for the diagnosis of MetS in children and adolescents with a view to establishing a simple unified definition [6] . According to this definition, the identification of MetS in adolescents is based on a waist circumference of C94 cm in males and of C80 cm in females. This is evidently linked to other risk factors, such as fasting glucose levels of 100-125 mg/dl, triglyceride levels of C150 mg/dl, high-density lipoprotein-cholesterol (HDL-cholesterol) levels lower than 40 mg/dl in males and 50 mg/dl in females, along with a blood pressure of C130/85 mmHg [7] . However, it is also true that as yet, this definition has not been tested on subjects belonging to different ethnic groups [8, 9] .
The identification of risk factors that lead to the development of MetS in youngsters is crucial for its prevention and rapid detection [10] . Accordingly, it has been suggested that a higher than average birth weight is associated with the early development of insulin resistance as well as of MetS [11] [12] [13] . For example, McCance et al. [14] studied a population of Pima Indians and found a significant relation between a higher than average birth weight and the risk of metabolic disorders in childhood.
Another risk factor in the early development of MetS is an excessively short period (or lack) of maternal breastfeeding in the first year of infancy [15] . According to recent studies, maternal breastfeeding for longer than 6 months helps to prevent cardiovascular disorders and more specifically, MetS in the early years of childhood [16, 17] . Nevertheless, the lack of significant results in other studies [18] has led to some controversy over the protective effect of maternal lactation in regard to the development of MetS in infancy.
Unhealthy maternal habits, such as smoking during pregnancy, also appear to be linked to the childhood development of MetS. After studying a cohort of 406 young Australians, Huang et al. [19] found that the children of women that had smoked during the gestation period had a heavier birth weight. This finding was corroborated in subsequent studies, such as Behl et al. [20] , who concluded that early exposure of the unborn infant to the chemical components in cigarette smoke is an important risk factor in the early development of serious disorders (e.g., MetS) in childhood and adolescence.
Similarly, the maternal weight of pregnant mothers is also conducive to their children subsequently developing MetS [21] . For example, studies such as Ryckman et al. [22] suggest that maternal obesity during the gestation period can lead to the early development of MetS. In the same line, Boney et al. [23] also found that children whose mothers had been obese during pregnancy were more likely to develop MetS in their childhood years.
In view of this research, the first objective of this study was to ascertain whether a higher than normal birth weight is directly related to the early development of MetS. The second objective was to verify the correlation between the duration of maternal breastfeeding and the early development of MetS. The third was to discover whether there was a relation between maternal weight and maternal smoking during the 9 months of gestation and the child's subsequent development of MetS.
Methods

Study design and population
The sample population of this cross-sectional study was composed of 976 children and adolescents, 10-15 years of age (519 females and 457 males) from the sixth grade of primary school to the third year of secondary school. The subjects attended 18 schools in the provinces of Granada and Almeria (Spain). The study had been previously approved by the Board of Education of the Andalusian Regional Government (Granada and Almeria Delegations) and also authorized by the directors of the participating schools. Moreover, the informed consent of the parents and guardians of the subjects was obtained previous to beginning the study. Moreover, all of the mothers signed a written authorization that allowed access to their clinical histories. This research was performed in strict compliance with the international code of medical ethics established by the World Medical Association and the Declaration of Helsinki.
Anthropometric measurements and blood pressure
Each subject underwent a complete anthropometric evaluation to ascertain his/her nutritional status. This evaluation was performed according to the recommendations of the European Pediatric Association (Body Composition Analysis Protocol). The variables assessed were weight, height, and body mass index [weight (kg)/height (m 2 )]. The subjects were weighed on a self-calibrating Seca Ò 861 Class (III) Digital Floor Scale with a precision of up to 100 g. Their height was measured with a Seca Ò 214* portable stadiometer. For this purpose, each subject was asked to stand erect with back, buttocks, and heels in continuous contact with the vertical height rod of the stadiometer and head orientated in the Frankfurt plane. The horizontal headpiece was then placed on top of the subject's head to measure his/her height.
Overweight and obesity, as defined by the international standards of Cole et al. [24] , corresponded to values higher than the 85th and 95th percentiles, respectively, for BMIfor-age and sex. Waist circumference was measured using the horizontal plane midway between the lowest rib and the upper border of the iliac crest at the end of normal inspiration expiration. Hip circumference was measured at the maximum extension of the buttocks as viewed from the right side. For both measurements, a Seca Ò automatic rollup measuring tape (precision of 1 mm) was used to measure subjects in a standing position with their arms hanging at their sides in a normal anatomical position. The waist-tohip ratio (WHR) was calculated by dividing the waist circumference by the hip circumference. Also evaluated were the triceps, biceps, subscapular, and suprailiac skinfolds, which were measured with a Holtain Ò skinfold calliper with a precision of 0.1-0.2 mm. The skinfold measurements were then used to calculate the percentage of body fat. Previously, however, it was necessary to determine body density for both sexes with Brook's [25] Blood pressure levels were calculated with a previously calibrated aneroid sphygmomanometer and a Littmann Ò stethoscope. The subjects were asked to sit down and relax for at least 10 min before their blood pressure was measured and recorded. They were requested to rest their back against the back of the chair. They were also asked not to cross their legs so that both of their feet were in direct contact with the floor. Their right arm, which had to be free of tight clothing, was extended, flexed at the elbow, and at heart level. All calculations were made on the right arm and compared with international reference standards. The results were interpreted based on Korotkoff phase I for the systolic blood pressure value and phase V for the diastolic blood pressure value. A blood pressure of C130/85 mmHg was regarded as a risk factor of MetS.
Serum biochemical examination
At 8:00 a.m. after a 12-h overnight fast, 10 ml of blood was extracted by venipuncture from the antecubital fossa of the right arm with a disposable vacuum blood collection tube. In the 4 h after the extraction, all samples were centrifuged at 3,500 rpm for 15 min (Z400 K, Hermle, Wehingen, Germany). The red blood cells were thus separated, and the serum was finally frozen at -80°C for its subsequent analysis.
Only the glucose was measured immediately after collection. Plasma insulin was determined with an ELISA kit [27] . Blood glucose (mg/dl) was measured by using the colorimetric enzymatic method (GOD-PAP Method, Human Diagnostics, Germany). The HBA1c (glycosylated hemoglobin) was measured with high-performance liquid chromatography using a National Glycohemoglobin Standardization Program certified automated analyzer (model HLC-723 G7; Tosoh, Tokyo, Japan, intra-assay coefficient of variation \0.8 %, inter-assay coefficient of variation \0.5 %) and was standardized according to the Diabetes Control and Complications Trial.
The low-density lipoproteins (LDL-C) and high-density lipoproteins (HDL-C) as well as the total cholesterol and the triglycerides were calculated by means of the enzymatic colorimetric method with an Olympus analyzer.
Serum levels of homocysteine were calculated by immunoenzymatic assay (DRG Instruments) with a sensitivity of 1 lmol/l. Intra-assay and inter-assay variation coefficients were 7 and 9 %, respectively. Ceruloplasmin was determined by immunoturbidimetric assay (Architect ci8200, Abbott, Abbott Park IL), with an intra-assay variation coefficient of 3.7 %, an inter-assay precision of up to 4 %, and a reference of 20-60 mg/dl.
MetS definition
The diagnosis of MetS in adolescents was based on the criteria established by the IDF [7] . Accordingly, for children 10-16 years of age, the diagnosis of the MetS was based on abdominal obesity (waist circumference [90th percentile) in combination with two or more clinical values: fasting blood glucose levels of 100-125 mg/dl; serum triglyceride levels C150 mg/dl; HDL-cholesterol levels \40 mg/dl (male subjects) and \50 mg/dl (female subjects); and blood pressure C130/85 mmHg.
Other health-related variables A retrospective study was carried out of the clinical histories of each mother. The birth weight of the student, maternal lactation period, maternal consumption of cigarettes during pregnancy, and maternal weight status during pregnancy (normal weight, overweight, and obesity) were extracted from the histories of each mother. A questionnaire, especially devised to study and record these variables, was elaborated and validated by the members of the research team.
Statistical analysis
Descriptive statistics are displayed as arithmetic mean ± SD or percentages (%). All skewed distributions were log transformed for analysis. The comparison of male and female subjects with and without a positive diagnosis of the MetS was performed with Student's t test for independent samples or Welch's approximation, depending on whether the variances were the same or different in the case of quantitative variables. For qualitative variables, a comparable contingency table analysis was conducted with the chi-squared test. When this was not applicable, the generalization of Fisher's exact test was used. An exact logistic regression was employed to discover which variables of them other, pregnancy, and childbirth were associated with MetS. The statistical analyses were carried out with the SPSS statistical package (version 20.0; SPSS Inc, Chicago, IL) and STATA (version 11.2; StataCorp, College Station, TX) where a p value of \0.05 denoted statistical significance. Table 1 shows the clinical laboratory data of the subjects, distributed according to the positive or negative diagnosis of MetS. Levels of basal insulin, basal glucose, glycosylated hemoglobin, and basal NEFA were higher in all subjects with MetS, whereas homocysteine and ceruloplasmin were higher only in male subjects with MetS. In the case of basal glucose, values were higher in the group with MetS. Total cholesterol levels were lower in all subjects with MetS though the group of healthy subjects had higher HDL-C values. Table 2 lists the measures of dispersion for the defining parameters of MetS for the female subjects, and Table 3 shows these measures of dispersion for the male subjects. According to the results of our study, 3.85 % of the female subjects were positively diagnosed with MetS as opposed to 5.38 % of the male subjects who suffered from this disorder. Consequently, in the sample population, MetS evidently had a higher prevalence in the male population than in the female population. In the case of variables such as BMI, body fat (%), abdominal obesity, blood pressure, and basal glucose, higher mean values were observed in both sexes in the group diagnosed with MetS as compared to those without MetS. In the case of triglycerides, higher values were found in the male subjects with MetS though not in the female subjects. Moreover, as expected, the subjects with MetS had lower levels of HDL-C. Table 4 shows the distribution of the defining parameters of MetS, according to the sex of the subjects. Statistically significant gender-specific differences were found for triglycerides. It is striking that none of the 20 females subjects diagnosed with MetS had triglyceride levels higher than or equal to 150 mg/dl.
Results
The analysis of all the defining parameters of MetS showed a clear correlation between abdominal obesity (waist circumference) and systolic and diastolic blood pressure (Pearson correlation of 0.578 and 0.455, respectively (p \ 0.001). No statistically significant differences were found for the other parameters (p [ 0.05).
Regarding birth weight, Table 5 , mean values were higher for both sexes in the group with a positive MetS diagnosis. In regard to maternal lactation, there were significant differences for male and female subjects that did not have MetS. More specifically, 91.2 % of all the subjects without MetS (regardless of gender) had been . This was particularly the case for subjects of both sexes that had been breastfed for longer than 6 months. In reference to the weight status of the subjects' mothers during pregnancy, the fitting of the logistic regression model showed that there was a relation between the weight status of the mother during the 9-month gestation period. The fit of the logistic regression model reflects a salient relation between the weight status of the pregnant mothers and the early development of MetS in their children: OR overweight 30.78; 95 % CI (11.01; 86.09) and OR obesity 49.36; 95 % CI (10.38; 234.68).
Our results indicated that the mothers of 5.0 % of the female subjects diagnosed with MetS were of normal weight during their pregnancy. In contrast, the mothers of the female subjects without MetS generally had a more satisfactory weight status during their pregnancy (i.e., 88.8 % were of normal weight). Similarly, the mothers of the male subjects diagnosed with MetS also had a poorer weight status during their pregnancy (i.e., only 26.1 %were of normal weight). Generally speaking, the mothers of the male subjects without MetS also had a more satisfactory weight status during pregnancy with a normal weight prevalence of 88.5 %. Regarding the daily smoking habits of the mothers during pregnancy, the results showed that this variable had a direct influence on the early development of MetS in their children [OR 1.47; 95 % CI (1.03; 2.05)]. In fact, all of the mothers of the female subjects diagnosed with MetS had smoked during pregnancy. In this sense, 35 % reported that their daily consumption had been more than 20 cigarettes. In the case of the mothers of the healthy female subjects, 83.4 % had not smoked during pregnancy.
Regarding the mothers of the male subjects diagnosed with MetS, only 4.3 % of them had not smoked at all during pregnancy, and 34.8 % said that they had smoked more than 20 cigarettes per day during the gestation period. In the case of the mothers of male subjects without MetS, 84.6 % had not smoked during pregnancy, and only 4.8 % of the mothers said that they had smoked more than 20 cigarettes per day (see Table 5 ).
Discussion
The results obtained in this study indicate a relatively high prevalence of MetS in the sample population, particularly in the male subjects. When compared to the results of other authors who also used the definition of the IDF [7] , our percentages were higher than those in Aguayo Calcena [28] (2.9 %) but lower than those obtained by the Studies to According to Pan and Pratt [30] , the increased prevalence of MetS in the adolescent population is directly related to a rejection of traditional dietary habits and the growing tendency of young people to adopt a more sedentary lifestyle with more time spent watching television, using the computer, and playing video games. The results of the biochemical analysis confirmed differences in the values obtained for basal insulin, HBA1c, LDL-C, NEFA, and ceruloplasmin in the group of male and female subjects diagnosed with MetS as compared to the group of healthy subjects. These results coincided with those of Chen et al. [31] and Wang et al. [32] in a crosssectional study of 624 adolescents in China.
Among the physical characteristics, birth weight was found to be directly related to the development of MetS, given the fact that this variable had higher than average values in both the male and female subjects with MetS. In contrast, Eriksson et al. [33] and Khuc et al. [34] , who surveyed a population of 357 adolescents in Chile, did not find any association between birth weight and the early development of the MetS.
In regard to maternal lactation, our results showed an inverse association between the length of time that the subjects had been breastfed and a positive MetS diagnosis in childhood and adolescence. Accordingly, there was a higher prevalence of MetS in the male and female subjects who had not been breastfed as babies. These results are in consonance with those obtained in other studies of a similar population of children and adolescents [35, 36] . As also highlighted by Ekelund et al. [37] , the most important benefits of maternal breastfeeding in terms of MetS prevention were for those subjects who had been breastfed for more than 6 months.
Furthermore, our results highlight the importance of the weight status of mothers during the 9 months of pregnancy, which has an impact on the potential development of MetS in their offspring. In this sense, the children of mothers who had suffered from overweight or obesity during pregnancy were more likely to develop MetS than those children whose mothers were of normal weight. These results agree with those obtained in previous research [38] .
Finally, maternal smoking during pregnancy was also found to be a risk factor. Similarly to other research [39, 40] , our study found that cigarette consumption by mothers during the gestation period increased the risk of their children developing MetS in childhood and adolescence.
In conclusion, the results of our study show the presence of metabolic disorder in the sample population. The incidence of MetS was especially striking in the male subjects. Birth weight was closely related to the potential development of this disorder. In this regard, both male and female subjects with MetS had a higher than average birth weight in comparison with those without MetS. Maternal breastfeeding was found to protect newborns from subsequently developing MetS in adolescence, particularly when the duration of the lactation period was longer than 6 months. There was also an important relation between the weight status of mothers during pregnancy and the possibility of their children subsequently developing MetS. In this regard, the subjects whose mother had been overweight or obese during the gestation period were more vulnerable to MetS. Nevertheless, this result should be interpreted with caution since the effect of maternal weight during the gestation period could be oversized by the effect of other variables such as family eating habits. Finally, a significant association was also found between maternal smoking during pregnancy and the subsequent development of MetS in their children.
